Abstract. Microscopy of Giemsa-stained thick and thin films by a skilled microscopist has remained the standard laboratory method for the diagnosis of malaria. However, diagnosis of malaria with this method is problematic since interpretation of results requires considerable expertise, particularly at low parasite levels. We compared the efficacy of "field" and "expert laboratory" microscopy for active surveillance of Plasmodium falciparum and P. vivax in western Thailand. Field microscopy consisted of an approximately five-minute read (50−100 fields) of a thick film at ×700 using a natural light source, whereas expert laboratory microscopy consisted of a 20-minute read (number of parasites per 500 leukocytes) at ×1,000 using a high-quality, well-maintained microscope with an artificial light source. All discordant and 20% of concordant results were cross-checked blindly. A total of 3,004 blood films collected between May and November 2000 were included in the study, of which 156 (5.2%) were positive for P. falciparum, 177 (5.9%) for P. vivax, and 4 (0.1%) for both P. falciparum and P. vivax by expert microscopy. A total of 84.4% (135 of 160) of the P. falciparumpositive slides and 93.9% of the P. vivax-positive slides had a parasitemia of less than 500/L. Field microscopy was specific (99.3%) but not sensitive (10.0%) for the diagnosis of P. falciparum malaria, with a positive predictive value (PPV) of 43.2% and a negative predictive value (NPV) of 95.1%. The corresponding specificity and sensitivity for the diagnosis of P. vivax malaria were 99.2% and 7.1%, respectively, with a PPV of 38.7% and an NPV of 93.9%. Field microscopy, as defined in this study, is not an effective method for active malaria surveillance in western Thailand, where prevalence and parasitemia rates are low.
INTRODUCTION
Microscopy of Giemsa-stained thick and thin films by a skilled microscopist has remained the standard laboratory method for the diagnosis of malaria. [1] [2] [3] [4] However, microscopy cannot be considered a "gold-standard" for malaria diagnosis because low-level parasitemias and mixed infections are frequently not detected, interpretation of results is often ambiguous, and procedures for preparation of slides and enumeration of parasites are inconsistent. 3 In western Thailand, as in many other regions where malaria is endemic, a variety of problems make microscopic diagnosis, particularly at the periphery of the health care system, difficult. 5 These include lack of skilled microscopists, limited supplies, inadequate maintenance of microscopes and reagents, and inadequate quality control. As part of a longitudinal study on vivax and falciparum malaria in western Thailand, we had an opportunity to compare the efficacy of "field" microscopy with "expert laboratory" microscopy as a means of conducting active malaria surveillance. , with 313 (4.0%), 407 (4.9%), and 9 (0.1%) blood films containing P. falciparum, P. vivax, and P. malariae, respectively. The majority of malaria cases are asymptomatic. A total of 9,618 adult anopheline mosquitoes were collected between June 1999 and September 2001. Mosquitoes were collected as they attempted to bite human volunteers between 6:00 PM and 6:00 AM the following day. The predominant anophelines collected were Anopheles minimus (54%), A. sawadwongporni (14%), A. maculatus (13%), A. campestris (5%), and A. barbirostris (4%), with specimens of the first four species testing positive for circumsporozoite protein by an enzyme-linked immunosorbent assay. Data on the epidemiology of malaria in Ban Kong Mong Tha will be reported separately.
MATERIALS AND METHODS

Study
Patients. A total of 585 individuals living in the village (N ‫ס‬ 651) chose to enroll in the study. Each month, three separate teams went house to house and made blood films from all consenting individuals who were available during a three-day (Monday-Wednesday) period. At the time of fingerprick, each individual was questioned about illness (fever, headache, muscle aches, and pains), travel history (travel that required an overnight stay outside the limits of the village), and medications taken during the previous two weeks.
Microscopy. Thick and thin films were prepared directly from fingerprick blood samples. Thick and thin films were stained with 10% Giemsa solution and examined at the field site by three trained microscopists from the Sankhlaburi Dis-trict malaria clinic who were participating in the study (field microscopy). Films were examined at ×700 using natural light. The initial thick film was considered negative if no parasites were seen in at least 50-100 fields. Each film required approximately five minutes to read. For positive slides, species and presence or absence of gametocytes was recorded. The microscopist was unaware of any clinical diagnosis at the time each blood film was read.
All blood films were subsequently examined at ×1,000 by an expert microscopist (N.M.) with more than 25 years of experience. The expert microscopist was blinded to the clinical diagnosis and the initial field microscopy result. The parasite density was counted per 500 leukocytes and was then expressed as the number of trophozoites and gametocytes per microliter by assuming a leukocyte count of 7,000/L. The initial thick film was considered negative if no parasites were seen in at least 100 high-power fields (more if fewer than 500 leukocytes were observed per 100 fields). A high-quality (Olympus, Melville, NY) microscope with an incandescent light source was used. Each film required approximately 20 minutes to read.
All slides with discordant results and 20% of slides with concordant results were cross-checked in Bangkok by an expert microscopist with over 20 years experience. The microscopist was also blinded to the clinical diagnosis and to previous microscopy results.
Treatment. The name, age, and house number of all individuals with a malaria-positive blood film were provided to Thai Ministry of Public Health (MOPH) workers participating in the study. All malaria-positive individuals were treated according to the malaria treatment protocols of the Thai MOPH. Treatment follow-up was provided by Thai MOPH workers participating in our study and in accordance with Thai MOPH standard procedures.
Data analysis. Epi-Info (version 6; Centers for Disease Control and Prevention, Atlanta, GA) 6 was used to calculate field microscopy performance and acceptability evaluation indices, with expert laboratory microscopy used as the gold standard. Performance indices were calculated for each of the following microscopic diagnoses: malaria as a whole (diagnosis of either P. falciparum or P. vivax), P. falciparum malaria (including mixed infection), and P. vivax malaria. The variables measured were the number of true positive (TP), true negative (TN), false positive (FP), and false negative (FN) results. Sensitivity was calculated as TP/(TP + FN), specificity was calculated as TN/(TN + FP), the positive predictive value (PPV) was calculated as TP/(TP + FP), and the negative predictive value (NPV) was calculated as TN/(FN + TN). Sensitivity and specificity were used to calculate the likelihood ratios for a positive test result [sensitivity/(1 -specificity)] and a negative test result [(1 -sensitivity)/specificity]. 7 The likelihood ratios were used to determine post-test probabilities by using the nomogram of Fagan. 8 Test accuracy, the proportion of all tests that gave a correct result, was defined as (TP + TN)/number of all tests. Reliability was expressed as the J index (TP × TN -FP × FN)/(TP + FN)(TN + FP). 9 In the analysis for malaria as a whole, incorrect determination of the species was considered a false-positive result because treatment will vary based on accurate species identification. Because treatment of P. falciparum infections will eliminate P. vivax trophozoites but the converse is not necessarily so, when analyzing performance of field microscopy, mixed infections detected by expert laboratory microscopy were considered true negatives if field microscopy only detected P. vivax and true positives if field microscopy detected only P. falciparum or both P. vivax and P. falciparum.
RESULTS
Of the 585 individuals who enrolled in the study, 320 (54.7%) were males and 265 (45.3%) were females. The age range was 1 to 90, with 266 (45.5%) less than 15 years of age (Table 1) . A total of 3,004 blood films were made from these 585 individuals, of which 156 (5.2%) were positive for P. falciparum, 177 (5.9%) for P. vivax, 4 (0.1%) for both P. falciparum and P. vivax, and 2,667 (88.8%) were negative for both P. vivax and P. falciparum by expert microscopy ( Table 2 ). In The results of parasite detection by expert laboratory microscopy and field microscopy are shown in Table 2 . Field microscopy was specific (99.3%) but not sensitive (10.0%) for the diagnosis of P. falciparum malaria, with a PPV of 43.2% and an NPV of 95.1% (Table 3 ). The corresponding sensitivity and specificity for the diagnosis of P. vivax malaria were 7.1% and 99.2%, respectively, with a PPV of 38.7% and an NPV of 93.9%. Other evaluation indices are shown in Table  3 . Test sensitivity for the detection of both P. falciparum and P. vivax increased with increasing parasitemia (Table 4) : sensitivity of field microscopy for the detection of both P. falciparum and P. vivax was 100% for each with parasitemias Ն 5,000/L, 16.7% and 33.3% for P. falciparum and P. vivax, respectively, with parasitemias between 500 and 4,999/L, and only 5.1% and 7.1% when parasitemias were between 50 and 500/L. Sensitivity for both P. vivax and P. falciparum was 0% with parasitemias less than 50/L.
DISCUSSION
A variety of studies have clearly demonstrated that microscopic diagnosis of malaria can vary greatly in its accuracy, particularly at low parasitemia rates. [2] [3] [4] This variation in specificity and sensitivity is routinely observed in clinical settings, where a high percentage of reporting patients are parasitemic and parasite densities are relatively high. It was therefore not surprising that field microscopy was not as accurate as expert laboratory microscopy when used for active malaria surveillance in Thailand, where prevalence rates (11.2% overall, 337 of 3,004) and parasite densities (mean density ‫ס‬ 52.6/ L for P. falciparum and 24.2 for P. vivax) are low. Although specificity of field microscopy was acceptable (99.3% and 99.2% for P. falciparum and P. vivax, respectively) when compared with expert laboratory microscopy, the low sensitivity (10.0% and 7.1% for P. falciparum and P. vivax, respectively) was not.
In a recent review of practical techniques for the diagnosis of malaria, 1 Makler and others concluded that there is no single, standard method used by all investigators for the quantification of parasites in thick smears. They concluded that a variety of factors, which included under-trained microscopists, lack of microscopes and staining material, and processing and reading large numbers of blood smears, dramatically increased the room for error.
Results from this study clearly demonstrate that variation in microscopic detection can have an even more marked impact during active surveillance for malaria, where the overall prevalence and parasitemia rates are far lower than normally encountered during passive surveillance (typically evaluation of symptomatic patients reporting to a local malaria clinic). For example, Barat and others 10 found that an average of 29% of persons referred for blood slide examination at health centers in Zambia had a positive reading for malaria parasites, while Hemme and Gay 5 found that prevalence rates in Thailand ranged from 49% to 77% during passive surveillance. More than 85% of children (697 of 815) and 54.8% of adults with presumptive P. falciparum infections reporting to health centers in Papua New Guinea had parasite rates > 1,000/L. 11 Similarly, in eastern Indonesia, 78% of symptomatic test subjects infected with P. vivax had parasite rates greater than 500/L. 1 In contrast, only 11.2% (337 of 3,004) of films examined in this study were positive, with only 15.6% (25 of 160) and 6.1% (11 of 180) of P. falciparum-and P. vivax-positive slides, respectively, having parasite rates of Ն500/L.
The data obtained in this study furthermore suggest that under the conditions described (low parasite prevalence, low parasite rates, and inadequate equipment), conducting active malaria surveillance using field microscopy is not justified. The low sensitivity of field microscopy indicates that the technique will only identify individuals with relatively high parasite levels. These are the very individuals who would normally wind up seeking treatment at a local malaria clinic in Thailand. In fact, three of seven individuals with P. falciparum levels greater than 5,000/L and two of two individuals with P. vivax parasites levels greater than 5,000/L were symptomatic at the time the blood film was taken, and probably would have reported to the local malaria clinic seeking treatment. The goal of active surveillance is presumably to identify those individuals who would normally not be detected in a passive (clinic based) surveillance program, i.e., asymptomatic individuals. It is these very individuals who normally have low parasite rates, thereby making parasite detection that much more difficult. If active surveillance is to be undertaken, it should only be conducted using high-quality equipment (to include an artificial light source) combined with rigorous quality control standards for slide examination. In areas such as western Thailand where prevalence and parasite levels are low, active surveillance is a highly labor intensive effort that will provide minimal returns.
